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PREFACE
This report to the Science Advisory Board was prepared by the
Aqu
ati
c E
cos
yst
em
Obje
ctiv
es
Com
mit
tee
(AE
OC)
.
Tho
ugh
the
Boa
rd
has
rev
iew
ed
and
app
rov
ed
this
rep
ort
for
pub
lic
ati
on,
som
e
of
the
spe
cif
ic
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clu
sio
ns
and
rec
omm
end
ati
ons
may
not
be
sup
por
ted
by
the
Boa
rd.
Dur
ing
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ati
on
of
this
rep
ort
, t
he
rol
e
and
res
pon
sib
ili
tie
s o
f A
EO
C h
ave
bee
n a
ssu
med
by
the
Eco
sys
tem
Objectives Committee.
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1. NEW OBJECTIVES:
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ia
ho
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(see chapter 2.1)
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la
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h
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te
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0.
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it
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ra
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e
an
nu
al
ha
rv
es
t
of
la
ke
tr
ou
t
sh
ou
ld
no
t
ex
ce
ed
0.
24
kg
/h
a;
4.
th
e
ha
rv
es
t
of
la
ke
tr
ou
t
sh
ou
ld
be
fr
ee
fr
om
co
nt
am
in
an
ts
at
le
ve
ls
wh
ic
h
ad
ve
rs
el
y
af
fe
ct
th
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2.
REVISED OBJECTIVES:
2.1 Zing (see chapter 2.3)
Existing Objective:
0 The concentration of total zinc in an unfiltered water sample should not
exceed 30 micrograms per litre to protect aquatic life.
Recommended Objective:
0 The concentration of total zinc in an unfiltered water sample should not
exceed 10 micrograms per litre to protect aquatic life.
OTHER RECOMMENDATIONS:
3.1
3.2
3.3
A list of research recommendations was compiled and presented in the 1985
Annual Report of the AEOC. These recommendations were of two types——those
of a general nature designed to improve the Great Lakes science community's
abilities in several topic areas and those specific data elements which were
needed to complete or further support objectives for chemicals. The AEOC is
unaware of progress on these recommendations and takes this opportunity to
recommend them again to the Board and the UC.
The rationale for the zinc objective recommended elsewhere in this report
includes mention of the need for research on forms of zinc in the aquatic
environment, the toxicity of these different forms and on the effect of hardness
on zinc toxicity to algae. The present recommendation is a conservative
position and assumes all zinc is present in its most available and toxic form.
Research to better describe these forms and toxicities is needed.
Data to permit the evaluation of the ecosystem health of Lake Superior is
needed. Niche attributes of the lake trout and of Pontoporeia hoyi are
recommended as the means to measure ecosystem health (see Chapter 4). In
addition, it is probable that similar objectives and measures of system health
will be described for Lakes Huron and Michigan. It is, therefore, recommended
that similar data for these two lakes be collected as well.
_Vi_
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For jurisdictionally designated areas that have outstanding natural resource value
and existing water quality better than the objectives, the existing water quality
should be maintained or enhanced.
4. Specific water quality objectives are to be met at the periphery of mixing zones.
This assumes that water quality conditions better than the objectives will result
beyond the mixing zones. The objectives should be implemented in concert with
limitations on the extent of mixing zones or zone of influence and localized areas
as designated by the regulatory agencies.
5. In recommending objectives to protect raw drinking water supplies, it has been
assumed that a minimum level of treatment is provided before distribution to the
public for consumption.
6. Adoption of objectives does not preclude the need for further study of the effects
of pollutants on the aquatic environment.
7. Since infinite combinations of water quality characteristics may occur, the
objectives often are unable to take into account antagonistic, synergistic and
additive effects because of lack of data.
8. Since new data may lead to modified recommendations, the objectives are subject
to continual review.
9. No adequate scientific data base can exist for establishing scientifically justifiable
numerical objectives for "unspecified non—persistent toxic substances and complex
wastes." Therefore, criteria for developing an operationally-defined objective for
local situations have been recommended.
The AEOC endorses this framework with the understanding that the recommended
objectives do not consider socio—economic factors. The committee agrees with
previous recommendations (Water Quality Board 19802) that socio—economic impact
assessment is the responsibility of the jurisdictions and should be done at the time of
determining or setting regulations or standards. Objectives should not be construed as
regulations or standards to be immediately and categorically achieved but rather should
be considered as goals to be sought and as a minimum basis for strategies such as
developing regulations or standards by individual jurisdictions.
Ecosystem Objectives
The AEOC was also charged by the MOS SAB to develop ecosystem objectives.
These particular objectives are designed to be descriptions of conditions that must be
met in order to ensure the health of Great Lakes ecosystems. The health of ecosystems
must be determined from a combination of factors at different hierarchical levels
including chemical conditions (contaminant concentrations, oxygen levels, etc.), the
state of resident species and the structure or function of the ecosystem as a whole.
Specific objectives, presently contained in the Agreement and others developed
prior to 1985, largely refer to specific chemicals or physical properties (except for one
objective requiring the waters to be substantially free from pathogens). None of these
objectives assess ecosystem health at other than the lowest hierarchical level and none
are
objectives in the true sense of the word
(specifying the desired biological or
ecological attributes of the systems).
 
2 Alternatives for Managing Chlorine Residuals:
A
Social and Economic Assessment.
Final Report of the Chlorine Objectives Task Force to the Great Lakes Water Quality
Board. Windsor, Ontario. April 1980.
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 To address this priority, the AEOC has taken several steps:
An a
ddit
iona
l Ge
nera
l Ob
ject
ive
for
incl
usio
n un
der
Arti
cle
III o
f th
e Wa
ter
Qual
ity
Agr
eem
ent
has
bee
n r
eco
mme
nde
d to
the
SAB
for
tran
smit
tal
to t
he
IJC
and
the
Parties. It reads:
[These waters should be:]
(f)
"ma
int
ain
ed a
nd,
as n
eces
sary
, re
stor
ed t
o a
cond
itio
n w
her
e a
balanced and stable community of organisms is present that
rese
mble
s,
as
muc
h
as
is
feas
ible
and
prac
tica
ble,
the
com
mun
ity
that
exis
ted
bef
ore
the
adv
ent
of
hum
an
intervention."
Thi
s o
bje
cti
ve
was
pre
sen
ted
in
the
198
5 A
nnu
al
Rep
ort
of
the
AE
OC
and
was
des
ign
ed
to p
rov
ide
the
rat
ion
ale
for
spe
cif
ic
eco
sys
tem
obj
ect
ive
s.
In
198
2,
the
AE
OC
est
abl
ish
ed
a W
ork
Gro
up
on
Ind
ica
tor
s o
f E
cos
yst
em
Qua
lit
y a
nd
cha
rge
d
th
em
wit
h
des
cri
bin
g
the
cha
rac
ter
ist
ics
of
eco
sys
tem
ind
ica
tor
s
and
ide
nti
fyi
ng
pot
ent
ial
can
did
ate
s f
or
use
in
the
Gre
at
Lak
es.
The
y w
ere
als
o to
foc
us
on
Lak
e
Sup
eri
or
and
,
if
pos
sib
le,
dev
elo
p a
rat
ion
ale
for
the
est
abl
ish
men
t o
f
an
obj
ect
ive
the
re.
The
rep
ort
of
the
wor
k
gro
up
was
pub
lis
hed
(Ry
der
and
Edw
ard
s,
198
5)
and
re
co
mm
en
de
d t
he
use
of
the
lak
e t
rou
t a
s o
ne
ind
ica
tor
of
the
hea
lth
of
a
col
d—w
ate
r,
oli
got
rop
hic
lak
e
eco
sys
tem
.
In
add
iti
on,
a
com
put
eri
zed
key
was
de
ve
lo
pe
d t
o a
ssi
st
ma
na
ge
rs
an
d o
the
r f
ish
eri
es
per
son
nel
in
eva
lua
tin
g
the
pot
ent
ial
hea
lth
of
the
lak
e t
rou
t p
opu
lat
ion
, a
nd
hen
ce,
ind
ire
ctl
y,
the
hea
lth
of
the
eco
sys
tem
.
Act
ing
upo
n t
he
rec
omm
end
ati
ons
and
rev
iew
mat
eri
al
of
the
wor
k g
rou
p,
the
AE
OC
pro
pos
ed
an
"Ob
jec
tiv
e f
or
a H
eal
thy
Lak
e
Sup
eri
or
Eco
sys
tem
"
tha
t r
ec
om
me
nd
ed
Lak
e
Sup
eri
or
be
mai
nta
ine
d a
s a
bal
anc
ed
and
sta
ble
oli
got
rop
hic
eco
sys
tem
,
wit
h
the
lak
e
tro
ut
as
the
top
aqu
ati
c
pre
dat
or
of
a
col
d—w
ate
r
com
mun
ity
.
Thi
s
obj
ect
ive
,
whi
ch
app
ear
ed
in
the
198
5
Ann
ual
Rep
ort
of
the
AE
OC
,
als
o
re
co
mm
en
de
d f
our
cri
ter
ia
tha
t s
hou
ld
be
me
t t
o d
ete
rmi
ne
if
the
des
ire
d
con
dit
ion
has
bee
n
ach
iev
ed
or
if
pro
gre
ss
is
bei
ng
ma
de
tow
ard
s t
hat
goa
l.
The
se
cri
ter
ia
def
ine
d a
mi
ni
mu
m p
rod
uct
ion
, a
mi
ni
mu
m
nu
mb
er
of
sep
ara
te
sto
cks
, a
ma
xi
mu
m
all
owa
ble
har
ves
t
and
ma
xi
mu
m
all
owa
ble
con
tam
ina
nt
bur
den
s.
Whe
rea
s
thi
s
obj
ect
ive
uti
liz
es
the
lak
e t
rou
t a
s i
ts
ind
ica
tor
spe
cie
s,
it d
oes
so
in
the
con
tex
t t
hat
thi
s s
pec
ies
is
the
dom
ina
nt,
top
pre
dat
or
in
the
Lak
e
Sup
eri
or
sys
tem
and
the
ref
ore
its
bio
mas
s p
rod
uct
ion
rat
e i
s a
mea
sur
e o
f t
he
eff
ici
enc
y o
f t
he
ene
rgy
flo
w t
hro
ugh
the system.
To
co
mp
le
me
nt
the
use
of
the
lak
e t
rou
t a
s a
n i
ndi
cat
or
of
the
hea
lth
of
the
Lak
e
Sup
eri
or
eco
sys
tem
,
the
AE
OC
is
re
co
mm
en
di
ng
the
use
of
the
ben
thi
c a
mph
ipo
d,
Pon
top
ore
ia
LEM
,
as
an
add
iti
ona
l i
ndi
cat
or
(se
e c
hap
ter
2.1
of
thi
s r
epo
rt)
.
It
is
pro
pos
ed
tha
t t
his
be
add
ed
as
a f
ift
h c
rit
eri
on
und
er
the
obj
ect
ive
out
lin
ed
abo
ve.
To
dev
elo
p a
rat
ion
ale
for
eco
sys
tem
obj
ect
ive
s f
or
mes
otr
oph
ic
wat
ers
of
the
Gre
at
Lak
es
(e.
g.
Gre
en
Bay
,
Sag
ina
w B
ay
and
the
wes
ter
n a
nd
cen
tra
l b
asi
ns
of
Lak
e E
rie
)
whe
re
the
lak
e
tro
ut
wou
ld
not
be
a s
uit
abl
e
ind
ica
tor
, t
he
AE
OC
est
abl
ish
ed
the
Mes
otr
oph
ic
Ind
ica
tor
s W
or
k G
rou
p i
n 1
986
.
Thi
s g
rou
p i
s c
urr
ent
ly
inv
est
iga
tin
g t
he
use
of
dif
fer
ent
fis
h a
nd
ben
thi
c o
rga
nis
ms,
as
wel
l a
s o
the
r i
ndi
cat
ors
,
to
mea
sur
e
the health of such systems.
The
AE
OC
pla
ns
to
con
tin
ue
the
se
ini
tia
tiv
es
and
to
dev
elo
p a
ddi
tio
nal
obj
ect
ive
s a
t
oth
er
hie
rar
chi
cal
lev
els
tha
n t
he
che
mic
al
one
.
The
pos
sib
ili
ty
of
dev
elo
pin
g e
cos
yst
em
obj
ect
ive
s
for
La
ke
s
Hu
ro
n
an
d
Mic
hig
an,
usi
ng
the
lak
e
tro
ut
as
an
ind
ica
tor
an
d
fol
low
ing
the
rat
ion
ale
us
ed
for
La
ke
Sup
eri
or,
is
be
in
g
exp
lor
ed.
An
obj
ect
ive
for
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 mesot
rophi
c wat
ers m
ay be
reco
mmen
ded a
fter r
eview
of th
e rep
ort t
o be
provi
ded b
y the
Mesot
rophi
c Ind
icato
rs Wo
rk G
roup.
These
addit
ional
objec
tives
are n
ot d
esign
ed to
replace but rather to complement the existing chemical objectives.
  
2. OBJECTIVES
2.1
OB
JE
CT
IV
E
FO
R
A
HE
AL
TH
Y
LA
KE
SU
PE
RI
OR
EC
OS
YS
TE
M
(PONTOPOREIA HOYI)
Existing Objective
0
La
ke
Sup
eri
or
sho
uld
be
ma
in
ta
in
ed
as
a
ba
la
nc
ed
an
d
sta
ble
oli
got
rop
hic
ec
os
ys
te
m
wi
th
the
lak
e
tro
ut
as
top
aqu
ati
c
pr
ed
at
or
of
a
co
ld
-w
at
er
community.
NO
TE
:
In
or
de
r t
o d
et
er
mi
ne
wh
et
he
r
thi
s c
on
di
ti
on
exi
sts
,
the following criteria should be met:
1.
th
e
an
nu
al
la
ke
tr
ou
t
pr
od
uc
ti
on
(g
ro
wt
h
in
bi
om
as
s)
sh
ou
ld
be
gr
ea
te
r
th
an
0.
38
kg
/h
a
as
de
te
rm
in
ed
us
in
g m
or
ta
li
ty
rat
es;
2.
th
er
e
sh
ou
ld
be
a
st
ab
le
nu
mb
er
of
re
co
gn
iz
ab
le
se
lf
—p
ro
du
ci
ng
st
oc
ks
;
3.
th
e
an
nu
al
ha
rv
es
t
of
la
ke
tr
ou
t s
ho
ul
d n
ot
ex
ce
ed
0.
24
kg
/h
a;
an
d
4.
th
e
ha
rv
es
t
of
la
ke
tr
ou
t
sh
ou
ld
be
fr
ee
fr
om
co
nt
am
in
an
ts
at
le
ve
ls
th
at
ad
ve
rs
el
y
af
fe
ct
th
e
tr
ou
t
th
em
se
lv
es
or
th
e
qu
al
it
y
of
th
e
harvested product.
Recommended Objective
0
La
ke
Su
pe
ri
or
sh
ou
ld
be
ma
in
ta
in
ed
as
a
ba
la
nc
ed
an
d
st
ab
le
ol
ig
ot
ro
ph
ic
ec
os
ys
te
m
wi
th
th
e
la
ke
tr
ou
t
as
th
e
to
p
aq
ua
ti
c
pr
ed
at
or
an
d
Po
nt
op
_o
re
ia
ho
yi
as
th
e
ma
jo
r b
en
th
ic
ma
cr
oi
nv
er
te
br
at
e
of
a
co
ld
—w
at
er
co
mm
un
it
y.
NO
TE
:
In
or
de
r
to
de
te
rm
in
e
wh
et
he
r
thi
s c
on
di
ti
on
exi
sts
,
th
e
fo
ll
ow
in
g
cr
it
er
ia
sh
ou
ld
be
me
t:
1.
th
e
an
nu
al
la
ke
tr
ou
t
pr
od
uc
ti
vi
ty
sh
ou
ld
be
gr
ea
te
r
th
an
0.
38
kg
/h
a
as
determined using mortality rates;
2.
th
er
e
sh
ou
ld
be
a s
ta
bl
e
nu
mb
er
of
re
co
gn
iz
ab
le
se
lf
—p
ro
du
ci
ng
st
oc
ks
;
3.
th
e
an
nu
al
ha
rv
es
t
of
la
ke
tr
ou
t
sh
ou
ld
no
t
ex
ce
ed
0.
24
kg
/h
a;
4.
th
e
ha
rv
es
t
of
la
ke
tr
ou
t
sh
ou
ld
be
fr
ee
fr
om
co
nt
am
in
an
ts
at
le
ve
ls
th
at
ad
ve
rs
el
y
af
fe
ct
th
e
tr
ou
t
th
em
se
lv
es
or
th
e
qu
al
it
y
of
th
e
harvested product; and
5.
la
ke
—w
id
e
sa
mp
li
ng
fo
r
ab
un
da
nc
e
of
E.
h_
ou
'
(u
si
ng
co
mp
ar
ab
le
me
th
od
s
an
d
pr
oc
ed
ur
es
to
th
os
e
th
at
pr
ov
id
ed
th
e
re
su
lt
s
in
Ta
bl
e
1)
sh
ou
ld
re
su
lt
in
a
se
t
of
me
an
ab
un
da
nc
e
va
lu
es
fo
r
20
m
wi
de
de
pt
h
ra
ng
es
th
at
do
es
no
t
di
ff
er
si
gn
if
ic
an
tl
y
at
th
e
95
%
co
nf
id
en
ce
le
ve
l
fr
om
th
e
:.
se
t
of
va
lu
es
in
Ta
bl
e
2.
1.
1.
 
 ec
os
ys
te
m
an
d
pr
es
en
te
d
cri
ter
ia
rel
ati
ve
to
the
re
qu
ir
em
en
ts
of
the
lak
e
tro
ut
tha
t c
an
be
us
ed
to
de
te
rm
in
e w
he
th
er
or
not
oli
got
rop
hy
exi
sts
.
Wh
il
e t
he
wo
rk
gr
ou
p r
ec
om
me
nd
ed
tha
t
the
lak
e t
rou
t
co
mp
le
x
sho
uld
be
us
ed
as
the
ind
ica
tor
of
ec
os
ys
te
m q
ual
ity
, i
t a
lso
rea
liz
ed
tha
t t
he
eva
lua
tio
n o
f t
he
sta
tus
of
onl
y o
ne
or
ga
ni
sm
wo
ul
d
not
be
ad
eq
ua
te
to
giv
e a
co
mp
re
he
ns
iv
e
ind
ica
tio
n o
f
the
hea
lth
of
the
Gr
ea
t
La
ke
s
ec
os
ys
te
m.
Thu
s,
it
re
co
mm
en
de
d
tha
t o
bje
cti
ves
for
oth
er
ind
ica
tor
org
ani
sms
be
add
ed.
For
the
upp
er
Gre
at
Lak
es,
the
amp
hip
od*
Po
nt
op
or
ei
a
m
wa
s
sug
ge
st
ed
as
a
co
mp
le
me
nt
ar
y
ind
ica
tor
of
the
lak
e t
rou
t.
Thi
s c
ha
pt
er
giv
es
the
rat
ion
ale
for
the
use
of
1
1
m
as
su
ch
a
co
mp
le
me
nt
ar
y
ind
ica
tor
for
the
La
ke
Sup
eri
or
ec
os
ys
te
m
an
d
re
co
mm
en
ds
am
en
dm
en
ts
to
the
pr
op
os
ed
La
ke
Su
pe
ri
or
ec
os
ys
te
m
ob
je
ct
iv
e
to
in
cl
ud
e
thi
s o
rg
an
is
m.
Criteria for Ecosvstem Indicators
Th
e
AE
OC
(1
98
5)
pr
es
en
te
d
cri
ter
ia
fo
r
ju
dg
in
g
th
e
sui
tab
ili
ty
of
ca
nd
id
at
e
or
ga
ni
sm
s t
o
se
rv
e
as
in
di
ca
to
rs
of
ec
os
ys
te
m
qua
lit
y.
Th
es
e
cri
ter
ia,
wh
ic
h
we
re
mo
di
fi
ed
fr
om
a
lis
t
ori
gin
all
y
de
ve
lo
pe
d
by
th
e
Wo
rk
Gr
ou
p
on
In
di
ca
to
rs
of
En
vi
ro
nm
en
ta
l
Qu
al
it
y
(R
yd
er
an
d
Ed
wa
rd
s,
19
85
),
in
cl
ud
ed
all
th
e
de
si
re
d
ch
ar
ac
te
ri
st
ic
s
of
an
id
ea
l
in
di
ca
to
r.
Ho
we
ve
r,
it
is
re
co
gn
iz
ed
th
at
an
ac
ce
pt
ab
le
in
di
ca
to
r
or
ga
ni
sm
do
es
no
t
ne
ce
ss
ar
il
y
ha
ve
to
me
et
all
th
e
cr
it
er
ia
.
Th
e
fo
ll
ow
in
g
di
sc
us
si
on
pr
es
en
ts
th
es
e
AE
OC
cr
it
er
ia
an
d
th
e
st
at
us
of
2.
M
i
in
meeting them:
1.
Ha
ve
a
br
oa
d
di
st
ri
bu
ti
on
in
th
eﬁ
st
em
.
Po
nt
oo
or
ei
a
ho
Li
ha
s
be
en
fo
un
d
in
all
of
th
e
Gr
ea
t
La
ke
s
an
d
is,
in
fa
ct
,
th
e
mo
st
ab
un
da
nt
ma
cr
ob
en
th
ic
or
ga
ni
sm
in
te
rm
s
of
bo
th
nu
mb
er
s
an
d
bi
om
as
s
ov
er
mu
ch
of
th
e
bo
tt
om
of
th
e
up
pe
r
la
ke
s
(M
oz
le
y
an
d
Al
le
y,
19
73
;
Sh
ri
va
st
av
a
19
74
;
De
rm
ot
t
19
78
)
an
d
La
ke
On
ta
ri
o
(N
al
ep
a
an
d
Th
om
as
,
19
76
;
Go
li
ni
19
79
).
In
La
ke
Su
pe
ri
or
,
th
is
sp
ec
ie
s
is
a
ma
jo
r
co
mp
on
en
t
of
th
e
ma
cr
ob
en
th
os
in
al
mo
st
all
of
th
e
be
nt
hi
c
zo
ne
ex
ce
pt
in
sh
al
lo
w,
ne
ar
sh
or
e
wa
te
rs
(T
ho
ma
s
19
66
;
Ad
am
s
an
d
Kr
eg
ea
r,
19
69
;
Hi
lt
un
en
19
69
;
Co
ok
19
75
;
Fr
ei
ta
g
et
al.
19
76
;
Ba
rt
on
an
d
Hynes, 1976).
2.
Be
ea
si
ly
co
ll
ec
te
d
an
d
me
as
ur
ed
in
te
rm
s
of
bi
om
as
s.
Po
nt
om
re
ia
hg
ﬂ'
ca
n
be
qu
it
e
eas
ily
co
ll
ec
te
d
fr
om
th
e
be
nt
hi
c
ha
bi
ta
ts
wh
er
e
it
oc
cu
rs
by
us
in
g
th
e
co
nv
en
ti
on
al
me
th
od
s
for
:
sa
mp
li
ng
ma
cr
ob
en
th
ic
or
ga
ni
sm
s
(A
me
ri
ca
n
Pu
bl
ic
He
al
th
As
so
ci
at
io
n
198
5).
Su
ch
co
ll
ec
ti
on
s
ar
e
us
ua
ll
y
ma
de
wi
th
th
e
us
e
of
a
Po
na
r
or
si
mi
la
r
gr
ab
sa
mp
le
r.
Th
e
sa
mp
le
s
of
la
ke
bo
tt
om
ob
ta
in
ed
in
thi
s
wa
y
ar
e
pr
es
er
ve
d
in
fo
rm
al
in
af
te
r
co
ll
ec
ti
on
an
d
th
en
br
ou
gh
t
ba
ck
to
th
e
la
bo
ra
to
ry
wh
er
e
all
ma
cr
ob
en
th
ic
or
ga
ni
sm
s
in
cl
ud
in
g
12.
th
i
ar
e
se
pa
ra
te
d
fr
om
th
e
se
di
me
nt
s
an
d
th
e
nu
mb
er
of
in
di
vid
ual
s o
f e
ac
h
ty
pe
ar
e
counted.
Bi
om
as
s
es
ti
ma
te
s
of
B.
hg
ﬂ
in
a
sa
mp
le
ca
n
be
co
nv
en
ie
nt
ly
ma
de
by
we
ig
hi
ng
th
e
to
ta
l
an
im
al
s
in
th
e
sa
mp
le
or
so
me
wh
at
le
ss
ac
cu
ra
te
ly
fr
om
le
ng
th
me
as
ur
em
en
ts
by
us
in
g
ex
is
ti
ng
re
gr
es
si
on
eq
ua
ti
on
s
wh
ic
h
re
la
te
we
ig
ht
to
le
ng
th
fo
r t
hi
s
sp
ec
ie
s
(W
in
ne
ll
an
d
Wh
it
e,
19
84
).
 
*
Th
e
pr
es
en
t
pr
ac
ti
ce
of
re
fe
rr
in
g
to
all
po
nt
op
or
ei
id
am
ph
ip
od
s
(F
am
il
y
Po
nt
op
or
ei
id
ae
)
th
at
oc
cu
r
in
th
e
Gr
ea
t
La
ke
s
by
th
e
sp
ec
if
ic
na
me
,
h_o
yi,
wi
ll
be
fo
ll
ow
ed
in
thi
s
rat
ion
ale
.
Ho
we
ve
r,
wo
rk
un
de
rw
ay
by
E.
L.
Bo
us
ef
ie
ld
(p
er
so
na
l
co
mm
un
ic
at
io
n)
in
di
ca
te
th
at
th
e
Gr
ea
t
La
ke
s
an
im
al
s
ma
y
ac
tu
al
ly
be
re
pr
es
en
ta
ti
ve
s
of
se
ve
ra
l
sp
ec
ie
s.
     
 Be indigenous and maintain itself through natural reproduction. Pontoporeia
hoyi
is in
dige
nous
to a
ll t
he G
reat
Lake
s an
d it
s po
pula
tion
s ar
e pr
esen
tly
being maintained by natural reproduction.
Inte
ract
dire
ctlv
with
man
v co
mpon
ents
of i
ts e
cogg
stem
. P
onto
pore
ia h
ovi
is a
majo
r c
ompo
nent
of t
he b
enth
ic c
ommu
nity
. I
t fe
eds
prim
aril
y on
detritus and bacteria, and other small organisms associated with this material
(Marzolf 1965). The amphipod, in turn, serves as a major food source for both
immature and adult fishes of a number of species (Wells and Beeton, 1963;
Dryer et al. 1965; Morsell and Norden, 1968; Bailey 1972) and also can serve
as prey for invertebrate predators such as the mysid shrimp, Mysis relicta
(Parker 1980).
Have available historical, meferably quantified, information p_ertaining to its
ammnce and other critical factors relevant to the state of the organism. A
large number of studies have determined the concentrations of macrobenthic
forms, including _P. h_oﬂ, in various areas of the Great Lakes. Several of
these studies involve one—time surveys of the macrobenthos in certain bays or
limited parts of the open waters of Lake Superior but only one lake—wide
macrobenthic survey, that of Cook (1975), has been conducted. The surveys
in limited areas include the work by Thomas (1966) in Batchawana Bay,
Goul
ais
Bay,
Moun
tain
Bay
and
Pige
on B
ay;
by
Ger
man
(196
7, 1
968),
in
Thun
der
Bay
and
Nipi
gon
Bay;
by G
erm
an a
nd P
ugh
(1969
), i
n Ja
ckfi
sh B
ay;
and
by F
reit
ag e
t a1.
(197
6) i
n th
e no
rthe
rn pa
rt o
f th
e la
ke in
clud
ing
Nipi
gon
Bay and Thunder Bay.
Studies in other Great Lakes, such as the studies of Carr and Hiltunen (1965),
Robe
rtso
n an
d Al
ley
(1966
), H
owmi
ller
and
Beet
on (
1971)
and
Thor
nley
(1985
),
have made quantitative comparisons between their results and those obtained
in studies conducted in earlier years. However, there have been no
systematic, long—term monitoring programs in Lake Superior and only two
recently published studies, those of Johnson and McNeil (1986) in the Bay of
Quinte and Nalepa (1987) in Lake Michigan have followed abundance trends in
the populations of macrobenthic organisms over a number of years in other
parts of the Great Lakes. Thus, although there is a substantial body of data
concerning the abundance of P. h_oy_i in the Great Lakes including Lake
Superior, these data are, in general, restricted in space and time and do not
provide the solid base of historical information needed for comparative
purposes.
Have well—documented andQuantified niche dimensions emessed in terms of
metabolic and behavioral responses. The environmental conditions that
favour the occurrence of B. m and the closely related European species,
B. affinis and E. femorata, are reasonably well understood. A number of
studies (Eggleton 1937; Robertson and Alley, 1966; Henson 1970; Alley and
Mozley, 1975) have found a relationship between abundance of B. h_oLi and
depth in the Great Lakes. The maximum density of E. h_oyi is usually found in
the depth range of 30 to 60 m. Its abundance decreases rapidly at shallower
depths and in most situations, few if any animals are found at stations with
depths of less than 10 m. Deeper than 50 to 60 m, the density tends to fall
off more gradually reaching values of one—fifth or less of the maximum
density at 150 m or more. Smith (1972) studied temperature tolerance in the
laboratory and found an upper limit of tolerance at 10 to 12°C. However, a
number of studies (Thienemann 1928; Larkin 1948) have related field
distributions to the bottom temperatures where the Pontoporeia were
collected and have found an appreciably higher upper tolerance. Specifically
for the Great Lakes, Alley (1968) and Alley and Mozley (1975) found
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9. Md to stresses in a manner that is both identifiable and quantifiable.
Many studies have shown that the response of Pontoporeia to most stresses
may be observed as changes in abundance at the specific localities where the
stresses occur (Nalepa and Thomas, 1976; Kraft 1979; Elmgren et al. 1983).
As the abundance of these amphipods at specific sites can be measured quite
easily by obtaining grab samples and counting the individuals present, the
responses can be easily identified and measured.
10. k a suitable smcies for laboratog investigations. Pontoporeia have been
cultured successfully in the laboratory (Smith 1972) and have proven suitable
for laboratory experimentation (Sundelin 1983).
11. Be generally recognizﬂ as immrtant to humans. As pointed out above,
3. him is the most abundant macrobenthic organism in the upper Great Lakes
and Lake Ontario. Because of its abundance, it serves as a vital food source
for many important fish species in these lakes. Although most fishermen do
not recognize this organism by name or appearance, they do recognize that
invertebrates play a vital role as food for commercially and recreationally
important fish. Thus, the importance of preserving the populations of B. h_03Li
is easily recognized when its role as fish food and as a major component of
the entire trophic structure of the ecosystem is explained.
12. Serve to indicate aspects of ecoggtem quality other than those represented
bymently accwted mmeters. As indicated above, the characteristics of
thﬂ' make it an appropriate indicator organism for Lake Superior to
complement the lake trout which has already been recommended as the
primary indicator species (Ryder and Edwards, 1985). The use of B. hog; will
provide information on the quality of benthic environments, in contrast to
lake trout which supplies information on limnetic conditions. Pontopgreia
head will indicate conditions for an invertebrate that feeds near the bottom
of the food web; lake trout will indicate conditions for a predaceous
vertebrate that feeds near the top of the food web. Pontop_oreia hgxi will
indicate environmental quality in the vicinity of the specific stations
sampled; lake trout will indicate the conditions over a broad range.
Qo_nc_lys_im
In summary, 2. h_ou' appears to satisfy almost all of the criteria for an
indicator organism quite well. The major weakness is that only limited information
is available on its past and present abundance in Lake Superior. More information
is needed on the level and natural variability of its abundance throughout the lakes
before a definitive objective can be specified for this organism.
To obtain such information, it is recommended that the Great Lakes
International Surveillance Program (GLISP) sample a lake—wide set of benthic
stations annually or as close to annually as possible and that the 13. hpyj in these
samples be enumerated and weighed. Cook (1975) reports on the results of a
one—time sampling program of this type for Lake Superior in which about 400
stations were sampled in the spring of 1973. The results from this study are
summarized in Table 2.1.1 and Figure 2.1.1 where mean abundance values for 20 m
wide depth ranges and the standard deviations and standard errors for these means
are presented. The sampling program recommended for Lake Superior should be
carried out in such a way that the results may be directly compared to those of
Cook. To do this, it is recommended that future sampling programs use the same
or equivalent procedures to those used by Cook's study, including sampling at the
same time of year at many or all of the same stations and using the identical
equipment.
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 TABLE 2.1.1. Mean numbers and associated standard deviations and
standard errors for Pontomreia hoﬁ from Lake Superior based on the
results of Cook (1975).
DEPTH RANGE NUMBER OF STANDARD STANDARD
(m) SAMPLES MEAN DEVIATION ERROR
10 — 29 10 213 190 60
30 — 49 22 205 198 42
50 - 69 23 312 378 79
70 - 89 15 311 326 14
90 — 109 18 229 255 60
110 — 129 33 117 117 20
130 — 149 43 160 251 38
150
— 16
9
39
102
85
14
170
— 18
9
55
89
89
12
190
— 20
9
38
116
230
37
210 — 229 20 110 176 39
230
— 2
49
28
92
62
12
250
— 2
69
18
76
92
22
270
— 28
9
8
60
39
14
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FIGURE 2.1.1. Mean numbers of B. hoyi per m2 in Lake Superior
in 20 m wide depth ranges and the standard errors of these means
plotted against depth (data from Cook, 1975).
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When such sampling has been conducted for several years, it is anticipated
that a more definitive objective for P. hOJLi abundance in the benthos of Lake
Supe
rior
can
be d
evel
oped
. I
n th
e in
teri
m, a
n ob
ject
ive
base
d on
Cook
's r
esult
s is
proposed for use of this organism as an indicator of environmental quality for the
Lake
Supe
rior
ecos
yste
m.
Thus
, to
incl
ude 2
. m
as a
comp
leme
ntar
y in
dica
tor
to
the
lake
trou
t in
the
obje
ctiv
e fo
r a
heal
thy
Lake
Supe
rior
ecos
yste
m,
it is
recommended that this ecosystem objective be amended as stated.
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 2.2 ZINC
Existing Objective
0 Concentrations of total zinc in an unfiltered water sample should not exceed
30 micrograms per litre to protect aquatic life.
Rﬁmmgnded Objective
0 The concentration of total zinc in an unfiltered water sample should not
exceed 10 micrograms per litre to protect aquatic life.
Purpose of Objectives
Specific objectives are limits of chemicals or conditions that are allowable in the
boundary waters of the system. The recommendation above is for the most
sensitive use as determined by an examination of scientific and other literature
available at this time; it is subject to revision whenever relevant data indicate that
the limit is not appropriate. The objective is to be met at the edge of limited use
zones; it is to be taken into account by regulatory authorities in the water system
when developing standards and other control measures to limit the release of this
substance.
§ummag y
Zinc is a common element in the environment and is found in various Great Lakes
samples. Much of the input to the system is from anthropogenic sources and
arrives by atmospheric transport and deposition. A review of its toxic effects to
plants, mammals, fish and aquatic invertebrates indicates that these organisms are
less sensitive to environmental zinc levels than algae. Water hardness affects zinc
toxicity to fish and other aquatic life but data to establish a similar relationship
for algae are not available at present. Algae are observed to be affected by zinc
at levels as low as 14 pg/L and the revised objective is therefore recommended.
This is lower than the previous objectives, which was based on zinc toxicity to fish.
Rationale
Zing lnventog
Production and Use
Total world zinc production in 1984 has been estimated at five million tonnes.
Canadian production was 1,185,000 tonnes (Gauvin 1985). The major uses of zinc
are as protective coatings for iron and steel, alloys for diecast parts and brass
production (see Taylor and Demayo, 1980). Other uses include batteries, paint and
varnish, industrial chemicals, rubber, soaps, medicines, and pulp and paper
production.
Loadings to the Great Lakes
Zinc may enter the Great Lakes as a result of the above uses or from the mining
and smelting of zinc ore and fallout from atmospheric contamination that results
from the burning of zinc—containing fossil fuels. Atmospheric emissions are
probably the largest anthropogenic source of zinc and deposition in this manner
._16_
 
 may exceed tributary inputs to lakes (Taylor et al. 1982). Zinc input to the Great
Lakes from atmospheric sources as a percentage of total input has been estimated
at 97% for Lake Superior, 73% for Lake Michigan, 94% for Lake Huron, 50% for
Lake Erie and 57% for Lake Ontario (Nriagu 1986, Table 2.2.1). Municipal
effluents also contribute significantly to zinc input in Lake Erie (35% of total
input) and Lake Ontario (28%, Table 2.2.1). These numbers reflect only direct
input to the Great Lakes as a whole and not the transport from one lake to
another. If between lake transport is considered, Lake Erie receives 67% (5220
tonnes/a) of its total zinc loading from the Detroit River. About 43% of total zinc
input to Lake Erie is retained within thelake sediments (Nriagu et al. 1979).
TABLE 2.2.1. Anthropogenic inputs (tonnes/a) of zinc into the Great Lakes“.
Industrial Municipal
Lake Atmosphere Effluents Effluents Others Total
Superior 1850 20 22 19 1910
Michigan 3510 560 329 439 4830
Huron 1190 8.4 56 12 1270
Erie 1010 120 706 184 2020
Ontario 948 94 470 151 1660
*Nriagu 1986, does not include between lake transport
(e.g. Niagara, Detroit Rivers, etc.).
chlm
Forms of Zinc
The forms of zinc in the water are important because they affect the natural
cycling, bioavailability and toxicity of zinc. Zinc in water may be either bound to
particles or dissolved (operationally defined as passing through a 0.45 pm
membrane filter). At high pH (e.g. pH 9), some of the dissolved zinc may be
present as zinc hydroxide or zinc carbonate complexes, whereas at neutral (pH 7)
and acidic pH (less than 7) most of the zinc is present as the free ion (Wilson
1978). If total zinc concentrations are high enough (e.g. 200 pg/L at pH 9), then
zinc hydroxides or carbonates may precipitate out of solution or form a fine
suspension at high pH (Bradley and Sprague, 1985). Zinc may also be complexed by
organic ligands such as humic acids. This complexing is, however, pH dependent
(greater complexation at higher pH) and occurs much less than with copper or
mercury (Mantoura et al. 1978; Wilson 1978; Musani et al. 1980). Whereas almost
all of the copper in Lake Ontario sediments is bound to organic matter (i.e. humic
acids), less than 5% of the zinc is so bound (Nriagu and Coker, 1980).
There is some evidence that zinc toxicity is reduced if the metal is adsorbed onto
particles and not present in the dissolved form (Brown 1976). It has been reported,
however, that particle-bound zinc can be redissolved at the sediment—water
interface (Lum and Leslie, 1983). The U.S. Environmental Protection Agency (U.S.
EPA) has proposed a method whereby total water samples'are treated with mild
acid prior to analysis to try to evaluate the maximum potential significance of such
eventualities (Method 200.1, Determination of Acid Soluble Metals). Until the
relationship between metal forms and their toxicity is firmly established and until
there are reliable methods for monitoring such forms, water quality objectives for
metals will refer to total concentrations of each metal in an unfiltered, whole
water, digested sample (Water Quality Objectives Subcommittee 1976).
-17-
 Concentration in Water
Imp
rov
ed
anal
ytic
al p
roc
edu
res
and
a re
duct
ion
in s
amp
le
con
tam
ina
tio
n de
cre
ase
d
subs
tant
iall
y t
he
est
ima
tes
of
bac
kgr
oun
d l
evel
s o
f zi
nc
in t
he G
rea
t L
ake
s f
rom
thos
e re
por
ted
duri
ng t
he e
arly
1970
5.
Som
e r
ece
nt
mea
sur
eme
nts
are
sum
mar
ize
d
in T
abl
e 2.
2.2.
Tota
l zi
nc c
once
ntra
tion
s in
Lak
e H
uro
n in
198
0 ra
nge
d f
rom
0.12
to
0.56
ug/L
, wi
th a
mea
n of
0.31
ug/L
. E
arli
er v
alue
s (
1970
to 1
976)
are
muc
h h
ighe
r
(me
ans
of
2.1
to
5.0
ug/L
) a
nd
Ros
sma
nn
(198
2)
sugg
ests
thes
e s
houl
d b
e v
iew
ed
wit
h ca
utio
n be
cau
se t
hey
may
be i
nflu
ence
d b
y s
amp
le
con
tam
ina
tio
n.
Tota
l zi
nc
conc
entr
atio
ns i
n La
ke M
ichi
gan
in 1
981 r
ange
d fr
om 0
.37
to 1.
1 ug
/L w
ith
a me
an
of
6.2
pg/L
. A
gain
, e
arli
er v
alue
s a
re
con
sid
ere
d u
nrea
list
ical
ly
high
(Ro
ssm
ann
1984
).
Tota
l z
inc
leve
ls
in
Lak
e E
rie
for
1981
ran
ged
fro
m 0
.55
to
24
pg/L
,
incl
udin
g so
me m
uch
high
er v
alue
s th
an r
epor
ted
for
Lake
s Hu
ron
and
Mich
igan
by
the
sam
e a
utho
r (
Tabl
e 2
.2.2
).
The
high
valu
es
wer
e f
rom
the
shal
low
wes
ter
n
basi
n w
her
e s
edi
men
t r
esus
pens
ion
can
incr
ease
tota
l m
eta
l c
once
ntra
tion
s;
diss
olve
d va
lues
are
muc
h l
owe
r t
han
tota
l zi
nc f
or t
he w
est
ern
basi
n (T
able
2.2.
2).
Diss
olve
d zi
nc c
once
ntra
tion
s g
reat
er
tha
n t
otal
zinc
are
som
eti
mes
rep
ort
ed
at
low
zinc
leve
ls (
Tabl
e 2.
2.2)
and
pro
bab
ly i
ndic
ate
con
tam
ina
tio
n du
ring
filt
rati
on.
Mea
n m
ont
hly
diss
olve
d (i
on—
exc
han
gea
ble
on C
hel
ex—
lOO
resi
n) z
inc
conc
entr
atio
ns
in L
ake
Erie
in 1
978
wer
e 3
.1,
7.9
and
6.8
pg/
L i
n M
ay,
Aug
ust
and
Sep
tem
ber
,
resp
ecti
vely
, wi
th a
ran
ge
of 1
.0 t
o 23
ug/L
. A
lmo
st
all
valu
es g
reat
er t
han
10 u
g/L
wer
e o
bta
ine
d f
rom
sam
ple
s co
llec
ted
1 m
off
the
bot
tom
(Lu
m a
nd
Lesl
ie,
1983
).
Tota
l zi
nc c
once
ntra
tion
s in
Lak
e O
nta
rio
in 1
979
wer
e <
1 to
13 p
g/L.
A m
ean
of
4.4
pg/
L w
as
rep
ort
ed
fro
m a
nar
row
zon
e a
t th
e w
est
ern
end
of
the
lake
and
a
mea
n of
0.9
ug/
L wa
s re
por
ted
for
the
bulk
of t
he o
pen
lake
(Tab
le 2
.2.2
).
TABLE 2.2.2. Total and dissolved (filtered) zinc levels (pg/L)
in the Great Lakes.
  
TOTAL ZINC DISSOLVED ZINC
Lak
e
Mea
n M
edi
an
Ran
ge
Mea
n M
edi
an
Ran
ge
Ref
ere
nce
Michigan 0.62 0.59 0.37—1.1 0.65 0.48 0.25—2.l Rossmann 1984
Huro
n
0.31
0.29
0.12
—0.5
6 0
.26
0.17
0.02
6—0.
81 R
ossm
ann
1982
Erie 6.5 1.2 0.55—24 1.6 1.3 0.32—4.0 Rossmann 1984
—Eastern Basin 0.95 0.96 1.0 1.1
—Centra1 Basin 1.2 1.1 1.1 0.49
—Western Basin 20 18 2.6 3.2
Ontario <l—l3 Neilson 1979
—Zone 1 4.4 (western end of lake) ‘
—Zone 2 1.4 (near zone 1 and along south shore)
—Zone 3 0.9 (most of open lake)
Concentrations in Sediments
The distribution of zinc in the surficial 3 cm of sediment throughout the Great Lakes
is shown in Figure 2.2.1. The distribution shows a relationship to lake bathymetry and
sediment type — higher concentrations (greater than 100 mg/kg) are observed in the
deeper water regions with their fine sediment accumulation; lower concentrations (less
than 50 mg/kg) are seen in the coarser sediments around the periphery of the lake and
in regions of shallower water in the mid—lake areas.
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FIGURE 2.2.1. Zinc levels in the surficial 3 cm of sediments in the Great
Lakes (figure courtesy of Glis, Mich. DNR; Dr. R.L. Thomas, NWRI, CCIW).
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o la
ke
dif
fer
enc
es b
ut
the
re
app
ear
to
be
so
me
spe
cie
s d
iff
ere
nce
s.
Lak
e
tro
ut,
spl
ake
(5.
fon
tin
ali
s X
S.
nam
ayc
ush
)
and
wal
ley
e h
ave
the
low
er
lev
els
(8
to
14
mg/
kg)
.
Hig
her
lev
els
(ap
pro
x.
20
mg/
kg,
Tab
le
2.2
.3)
are
in
pin
k (
Onc
orh
ync
hus
gor
bus
cha
) a
nd
coh
o (
Onc
orh
ync
hus
kis
utc
h)
sal
mon
, s
mel
t a
nd
sli
my
scu
lpi
ns
(Co
ttu
s c
ogn
atu
s).
Lev
els
in
for
age
fis
h (
sme
lt,
scu
lpi
ns
and
per
ch)
are
sim
ila
r
to,
or
gre
ate
r
tha
n,
tho
se
of
lar
ger
pis
civ
ore
s
(wa
lle
ye,
tro
ut
and
sal
mon
),
ind
ica
tin
g t
hat
foo
d c
hai
n a
ccu
mul
ati
on
doe
s n
ot
occ
ur
wit
h z
inc.
Ear
lie
r d
ata
(19
73
to
197
6)
on
zin
c i
n G
rea
t L
ake
s f
ish
(Gr
eat
Lak
es
Wa
te
r Q
ual
ity
Boa
rd
197
8)
gen
era
lly
ove
rla
p t
hos
e s
ho
wn
in
Tab
le
2.2
.3.
 
Zin
c l
eve
ls
in
Mys
is
and
Pon
top
ore
ia
are
low
er
tha
n t
hos
e i
n n
et
pla
nkt
on
(Ta
ble
2.2.
4).
As
is
the
cas
e w
ith
fish
, n
one
of
the
inv
ert
ebr
ate
s s
how
any
lak
e t
o l
ake
dif
fer
enc
es
in
zin
c l
eve
ls
tha
t c
oul
d b
e a
ttr
ibu
ted
to
gro
ss
lev
els
of
con
tam
ina
tio
n.
Alt
hou
gh
gro
ss
zin
c
con
tam
ina
tio
n
in
the
Gre
at
Lak
es
is
not
evi
den
t
in
conc
entr
atio
ns i
n bi
ota,
thes
e da
ta
mus
t be
inte
rpre
ted
wit
h ca
utio
n be
cau
se l
evel
s
in a
nim
al
tiss
ues
do
not
nece
ssar
ily
refl
ect
exp
osu
re
to
zinc
. C
onc
ent
rat
ion
s o
f
zinc
and
oth
er e
ssen
tial
(and
phys
iolo
gica
lly
regu
late
d) t
race
met
als
suc
h as
cop
per
and
iron
, a
re
muc
h l
ess
vari
able
in
fish
tiss
ues
tha
n a
re
conc
entr
atio
ns
of
non—
esse
ntia
l m
eta
ls
suc
h a
s c
adm
ium
and
chr
omi
um
(Gie
sy
and
Wie
ner
, 1
977)
.
Salt
es a
nd
Bail
ey (
1984
) sh
owe
d t
hat
zinc
leve
ls i
n fi
sh d
id n
ot r
efle
ct
cha
nge
s i
n
wat
er
leve
ls
and
rec
omm
end
ed
agai
nst
the
use
of
fish
as
bio
mon
ito
rs
for
zinc
.
Roc
h et
a1.
(198
2) r
epor
t n
o s
igni
fica
nt d
iffe
renc
es
in z
inc
leve
ls i
n ra
inb
ow
trou
t
live
rs
in
spit
e o
f a
dra
mat
ic
grad
ient
of
zinc
conc
entr
atio
ns
in
wat
er
in
the
Cam
pbe
ll
Riv
er
syst
em.
D.
Spr
y (
McM
ast
er
Univ
ersi
ty,
Ham
ilt
on,
pers
onal
com
mun
ica
tio
n)
obs
erv
ed
only
a 1
0%
incr
ease
in
zinc
in
rai
nbo
w t
rout
(Sa
lmo
gair
dner
i) e
xpo
sed
to a
four
—fol
d in
crea
se i
n wa
ter
bor
ne
zinc
in l
ong
—te
rm
exp
osu
re
expe
rime
nts
in t
he l
abor
ator
y.
Bioc
once
ntra
tion
fact
ors
for
zinc
are,
ther
efor
e,
highly variable.
Zinc Toxicity
The
foll
owin
g di
scus
sion
cons
ider
s t
he t
oxic
ity
of z
inc
by
itse
lf a
nd
doe
s n
ot t
ake
acc
oun
t o
f th
e po
ssib
ilit
y of
syne
rgis
tic
or a
ntag
onis
tic
effe
cts
bet
wee
n z
inc
and
othe
r m
etal
s.
Suc
h ge
nera
l c
onc
ern
s ar
e be
ing
acti
vely
con
sid
ere
d f
or a
mix
tur
es
objective.
Terrestrial Plants
Zin
c is
not
com
mon
ly
toxi
c to
terr
estr
ial
plan
ts,
eve
n a
t t
he
high
conc
entr
atio
ns
obs
erv
ed i
n se
wag
e sl
udge
s.
Con
cen
tra
tio
ns
in s
ludg
e c
omm
onl
y ra
nge
fro
m 1
00 t
o
-20..
 
 49
,0
00
mg
/k
g
dry
we
ig
ht
wit
h
a
me
di
an
of
ab
out
170
0
(C
ha
ne
y
198
0;
Lo
ga
n
an
d
Ch
an
ey
,
198
3).
Slu
dge
s
fr
om
On
ta
ri
o
mun
ici
pal
iti
es
ha
ve
be
en
re
po
rt
ed
to
ra
ng
e
fro
m 4
00
to
513
0 m
g/
kg
wit
h a
med
ian
of
160
0 m
g/
kg
(EP
S 1
984
).
The
se
lev
els
are
not
usu
all
y
tox
ic
to
sl
ud
ge
—g
ro
wn
cro
ps
an
d
ma
y
in
fac
t a
lle
via
te
zin
c d
efi
cie
nci
es
wh
en
slu
dge
is
app
lie
d t
o s
om
e
soi
ls
(C
ha
ne
y
198
0;
Lo
ga
n
an
d
Ch
an
ey
,
198
3).
Zin
c
be
co
me
s
tox
ic
to
mo
st
pla
nts
wh
en
lev
els
in
fol
iag
e r
ea
ch
50
0
mg
/k
g
dr
y
we
ig
ht
(n
or
ma
l
lev
els
are
15
to
150
mg/
kg)
.
It
be
co
me
s
tox
ic
to
lea
fy
veg
et
ab
le
s
wh
en
fol
iar
zin
c
re
ac
he
s
ab
out
150
0
mg
/k
g.
Thi
s
rar
ely
oc
cur
s
wi
th
cro
ps
gr
ow
n
on
sl
ud
ge
ex
ce
pt
in
ve
ry
ac
id
ic
soi
ls
an
d
th
en
it
ma
y
be
co
rr
ec
te
d
by
li
mi
ng
(C
ha
ne
y
198
0;
Lo
ga
n
an
d
Ch
an
ey
,
198
3;
EP
S
198
4).
It
is
unl
ike
ly
tha
t
zin
c
tox
ici
ty
to
hu
ma
ns
co
uld
oc
cu
r f
ro
m
eat
ing
sl
ud
ge
—g
ro
wn
veg
eta
ble
s
ev
en
in
the
wo
rs
t
cas
e
sit
uat
ion
s i
nvo
lvi
ng
aci
d s
oil
s (
Ch
an
ey
198
0).
TA
BL
E
2.2
.3.
Zi
nc
con
cen
tra
tio
ns
(pg
/kg
w_e
t_
wei
ght
) i
n w
ho
le
fis
h
collected in the Great Lakes.
  
GLWQB" GLFRB***
La
ke
Sp
ec
ie
s
Ye
ar
Me
an
(n)
Ye
ar
Me
an
Ra
ng
e
(n)
Su
pe
ri
or
Ra
in
bo
w
Sm
el
t
19
81
20
.5
19
.0
—2
2.
7
(1
2*
)
La
ke
Tr
ou
t
19
80
11
.6
(5
0)
19
83
12
.2
7.
3—
17
.4
(8
5)
Hu
ro
n
Ra
in
bo
w
Sm
el
t
19
81
22
.1
13
.6
—2
9.
4
(3
6*
)
La
ke
Tr
ou
t
19
82
12
.2
9.
2—
18
.5
(7
9)
Sp
la
ke
19
83
12
.0
6.
9-
18
.5
(5
0)
Pi
nk
Sa
lm
on
19
83
18
.5
14
.2
-2
4.
8
(1
0)
Wa
ll
ey
e
19
84
4.
2
10
.9
—2
0.
1
(4
9)
Sl
im
y
Sc
ul
pi
n
19
84
21
.2
16
7-
26
2
(2
4*
)
Er
ie
Ra
in
bo
w
Sm
el
t
19
78
28
.8
(8
2*
)
19
81
21
.2
17
.4
-2
8
2
(3
6*
)
La
ke
Tr
ou
t
19
84
13
.6
10
.0
—2
1.
0
(1
3)
Ra
in
bo
w
Tr
ou
t
19
83
19
.8
15
.6
—2
2.
6
(1
0)
Co
ho
Sa
lm
on
19
78
24
.3
(2
0)
19
83
21
.1
15
8—
29
3
(1
5)
Pi
nk
Sa
lm
on
19
83
24
.4
20
.0
—3
1.
4
(1
0)
Wa
ll
ey
e
19
77
—8
2
11
.0
(4
4)
19
84
13
.7
10
.9
—1
5.
5
(2
8)
—13.8 (40)
Ye
ll
ow
Pe
rc
h
19
78
18
.1
(4
7)
On
ta
ri
o
Ra
in
bo
w
Sm
el
t
19
78
22
.7
(3
8)
19
81
20
.2
9.
4—
24
.5
(4
7*
)
Ra
in
bo
w
Tr
ou
t
19
78
19
.7
(3
6)
La
ke
Tr
ou
t
19
77
—8
2
8.
0
(8
2)
19
84
10
.8
6.
7—
22
.1
(1
48
)
-14.2 (36)
Co
ho
Sa
lm
on
19
78
27
.1
(8
3)
Pi
nk
Sa
lm
on
19
83
21
.3
14
.9
—2
6.
2
(1
0)
Sl
im
y
Sc
ul
pi
n
19
84
17
.0
13
.0
-2
3.
6
(3
2*
)
Wa
ll
ey
e
19
82
12
.4
9.
6—
6.
2
(5
1)
Ye
ll
ow
Pe
rc
h
19
78
17
.8
(4
6)
*
Ea
ch
of
(n)
sa
mp
le
s
co
ns
is
ts
of
a
co
mp
os
it
e
of
fi
ve
fi
sh
fo
r
sm
el
t
an
d
sc
ul
pi
ns
;
fo
r
al
l
ot
he
r
sp
ec
ie
s,
ea
ch
sa
mp
le
is
on
e
fi
sh
.
**
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Bo
ar
d,
Re
po
rt
on
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y,
19
81
,
1983 and 1985.
**
*
Gr
ea
t
La
ke
s
Fi
sh
er
ie
s
Re
se
ar
ch
Br
an
ch
,
Bu
rl
in
gt
on
,
On
ta
ri
o
(D
.M
.
Wh
it
tl
e,
personal communication).
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 TABLE 2.2.4. Zinc concentrations (pg/kg 51g weight) in Great Lakes
invertebrates collected by the Great Lakes Fisheries Research Branch
(D.M. Whittle, personal communication).
MEANS
  
Lake
Net
Plan
kton
Mysi
s re
lict
a P
onto
mrei
a af
finis
Year
(s)
Superior 101—142 70 78 1983
Huron 116—298 61—86 — 1980
— — 59—82 1983
Onta
rio
102—
163
80-8
8
48—7
3
1977
—198
2
60—90*
* Whittle and Fitzsimmons, 1983.
Mammals and Humans
Zinc
is a
n es
sent
ial
elem
ent
to a
nima
ls a
nd
huma
ns.
It is
nece
ssar
y fo
r t
he
func
tion
of v
ario
us m
amm
ali
an e
nzym
es a
nd i
f de
fici
ent,
can
have
a nu
mber
of
heal
th
effe
cts
(Hea
lth
and
Welf
are
Cana
da
1980)
. H
owev
er,
zinc
is w
idel
y
avai
labl
e t
hrou
gh
a w
ell—
bala
nced
diet
whic
h wi
ll p
rovi
de
15 t
o 2
0 m
g/da
y
(Kirkpatrick and Coffin, 1974; Mahaffey et al. 1975; Meranger and Smith, 1972).
Zinc
is co
nsid
erab
ly le
ss to
xic t
han
trac
e el
emen
ts s
uch
as le
ad,
cadm
ium,
arse
nic,
anti
mony
and
merc
ury.
It d
oes
not
accu
mula
te
in t
issue
s an
d th
e pr
opor
tion
abso
rbed
is t
houg
ht t
o be
inve
rsel
y re
late
d to
the
amou
nt i
nges
ted
(Het
h et
a1.
1966)
. C
hron
ic z
inc
pois
onin
g ha
s no
t be
en r
epor
ted
in hu
mans
. T
he l
ow t
oxic
ity
of z
inc
and
effi
cien
t ho
meos
tati
c co
ntro
l me
chan
isms
mak
e t
he o
ccur
renc
e of
chronic zinc toxicity from drinking water and dietary sources an unlikely hazard
(Health and Welfare Canada 1980; Taylor and Demayo, 1980).
Tast
e th
resh
old
tests
have
show
n th
at o
nly
5%
of t
he p
opul
atio
n ca
n di
stin
guis
h
between water containing 4.3 mg/L ZnSO4 and water containing no zinc salts
(Cohen et a1. 1960). The detection level was higher for other zinc salts. Water
containing zinc concentrations greater than 5 mg/L may be opalescent and develop
a greasy film on boiling (Health and Welfare Canada 1980).
The maximum acceptable concentration of zinc in water is based on aesthetic and
taste considerations (Health and Welfare Canada 1980). The Guidelines for
Canadian Drinking Water Quality 1978, recommends 5 mg/L as the maximum
acce
ptab
le
conc
entr
atio
n (
Heal
th
and
Welf
are
Cana
da
1979)
.
The
U.S.
Environmental Protection Agency also recommends 5 mg/L based on the taste and
odor quality of ambient water (US. EPA 1980).
Fish
Zinc toxicity to fish is affected by water hardness, pH and alkalinity (Spear 1981).
Under conditions of constant pH and alkalinity, acute zinc toxicity decreases
markedly with increasing hardness. This has been attributed to the competition
among calcium, magnesium and zinc ions for active sites on gill membranes
(Pagenkopf 1980; Bradley and Sprague, 1985). Under conditions of constant
hardness and alkalinity, at concentrations where the zinc remains uncomplexed and
in solution, a decrease in pH results in a decrease in zinc toxicity. The mode of
action may be similar to the protective effects of hardness; that is, the hydrogen
ions compete with zinc ions for active sites (Pagenkopf1980; Cusimano et a1.
-22-
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1986). The effects of pH and hardness on zinc toxicity appear to be very similar to
pH and hardness effects on other metals, especially copper, which has been most
thoroughly studied (Pagenkopf 1980; Borgmann 1983). As pH and alkalinity
increase, zinc complexation by hydroxide and carbonate ions increases. In many
lethality studies at high pH, zinc concentrations are high enough to ensure that
most of the zinc is present as a precipitate, often as the hydroxide but possibly also
as carbonate. These precipitates have usually been found to be less toxic than the
dissolved zinc (Pagenkopf 1980', Bradley and Sprague, 1985a). Consequently, the
direct effect of increasing pH (increased toxicity of dissolved zinc) may be
counteracted by the decreased concentration of dissolved zinc due to
precipitation. This dual effect of pH is similar to that observed for copper, where
the reduction in copper toxicity at high pH is due to complexation by hydroxide or
carbonate ions or both (Borgmann 1983). However, the reduction in zinc toxicity at
high pH is due to precipitation. In natural waters above pH 7, increased pH is
acco
mpan
ied
by i
ncre
ased
alkal
inity
and
incr
ease
d h
ardn
ess.
Hard
and
high
ly
alkaline water would therefore usually result in lower acute zinc toxicity to fish
than would occur in neutral soft waters. In soft waters below pH 7, the reduced
hydr
ogen
ion
conc
entr
atio
ns m
ay
also
lead
to r
educ
ed a
cute
zinc
toxi
city
rela
tive
to toxicity at neutral pH.
Zinc
toxi
city
may
also
be
affe
cted
by
orga
nic
and
part
icul
ate
matt
er.
Comp
lexa
tion
by
diss
olve
d o
rgan
ic l
igan
ds (
Spra
gue
1968
) a
nd
adso
rpti
on
by
part
icul
ate
mat
ter
(e.g
. 50
mg/
L s
usp
end
ed
soli
ds,
Bro
wn
1976
) m
ay
dec
rea
se
zinc
toxi
city
to f
ish.
This
aspe
ct
of z
inc
toxi
city
, ho
wev
er,
has
bee
n st
udie
d in
grea
ter
detail using algae (discussed after Aquatic Invertebrates).
Most
of t
he f
ish l
iter
ature
sugg
ests
that
subl
etha
l to
xici
ty o
f zi
nc d
oes
not
occu
r
until
conc
entr
atio
ns e
xcee
d 30
pg/L
(Tab
le 2
.2.5)
. H
ere
agai
n, t
here
is s
ome
indi
cati
on t
hat
thre
shol
d ef
fect
level
s ar
e hi
gher
in h
ard
wate
rs t
han
in s
oft
wate
rs.
The
only
stud
y in
Tabl
e 2.
2.5
repo
rtin
g to
xici
ty b
elow
30 u
g/L
is th
at o
f
Affl
eck
(195
2) w
ith
rain
bow
trout
. T
he w
ater
sour
ce i
n th
is c
ase
was
a cr
eek
in
Aust
rali
a w
ith
soft,
poor
ly—b
uffe
red,
wate
r.
The
next
lowe
st
conc
entr
atio
ns
obse
rved
to b
e to
xic
(40-
68,
51,
54 a
nd 7
1 p
g/L
for
chin
ook
salm
on,
flagf
ish,
stee
lhea
d an
d ra
inbo
w tr
out,
resp
ecti
vely
, om
itti
ng t
he s
tudi
es w
here
othe
r me
tals
were
also
pres
ent)
were
obta
ined
usin
g wa
ter
with
a ha
rdne
ss o
f ab
out
45 m
g/L
or
less
(Spe
har
1976
; Ch
apm
an 1
978a
; Si
nley
et al
. 197
4).
Hard
ness
in th
e Gr
eat
Lake
s
(Be
eto
n a
nd
Chan
dler
, 1
966)
rang
es
fro
m a
bou
t 4
2 m
g/L
(La
ke
Supe
rior
) t
o
136
mg/
L (
Lake
Onta
rio)
.
Chro
nic
effe
cts
on
fish
woul
d no
t,
ther
efor
e, b
e
expected to occur below 30 ug/L of zinc.
In a
ddit
ion
to t
he d
irec
t to
xici
ty o
f zi
nc,
fish
have
also
been
obse
rved
to a
void
zinc.
The
thre
shol
d fo
r th
e av
oida
nce
resp
onse
of r
ainb
ow t
rout
in s
oft
wate
r
(13—1
5 mg
/L h
ardn
ess)
was
abou
t 5.
6 ug
/L o
f ad
ded
zinc.
Back
grou
nd l
evels
were
abo
ut
3 p
g/L,
mea
nin
g t
rout
avo
ide
d 8
.6 p
g/L
in p
ref
ere
nce
for
3 pg
/L
(Spr
ague
1968
b).
Suc
h a
voi
dan
ce
resp
onse
s t
o z
inc
by
sal
mon
ids
mig
ht
pre
ven
t o
r a
lter
spa
wni
ng
runs
.
Dat
a d
o n
ot
exis
t, h
owe
ver
, t
o al
low
extr
apol
atio
n to
the
har
der
Gre
at
Lak
es
wat
ers
and
the
pot
ent
ial
imp
act
on
fish
sto
cks
.
Aquatic invertebrates
The
thre
shol
d for
chro
nic
zinc
toxi
city
to m
ost
inve
rteb
rate
s ap
pear
s to
be 3
0 to
40
pg/L
or a
bove
(Tab
le 2
.2.6)
. F
or e
xamp
le,
larv
ae o
f th
e sh
ort—
live
d (1
4 to
19 d
ay
life
cycl
e at
22°C
) ch
iron
omid
Tany
tars
us di
ssimi
lis h
ad a
10 d
ay L
Cso
of 3
6.8
ug/L
zinc (Anderson et al. 1980). Growth reduction in snails was also observed at zinc
concentrations as low as 35 pg/L (Belanger et al. 1986). Reproductive effects of
zinc on Daphnia magna have been observed at 70 pg/L; 100 mg/L killed
-23-
 
 'TIX13LJE 2.2.5
Chr
oni
c z
inc
tox
ici
ty
to
fis
h a
t c
irc
um
neu
tra
l p
H.
 
 
Hard— Alka- Highest Lowest
ness linity No Toxic
Speci
es
(pg/L
)
Effec
t Lev
el (p
g/L)
Effec
ts
Refe
renc
e
Pimephales promelas 200
(fathead minnow)
200
46
Lemmis magrmhirus 51
(bluegill)
Phgxinig phoxinus 4
(minnow)
M114 _Qf1ride: 44
(flagfish)
Jam—a?ili mm 42
mmmw)
Sal mo gairgneri 8
(rainbow trout)
333
26
26
24
135
§a__01m gaimnexi 25
(steelhead)
25
531332 311111; 8
(brown trout)
Salmg gala: 12—24
(Atlantic salmon)
531mgm‘nalis 45
(brook trout)
Qrtcgmmcmg Mnrk 35
(sockeye salmon)
Cnuxmhxnghus
tshawytsgha 25
(chinook salmon)
20
20—25
41
41
61
42
34
238
25
25
24
<l—11
42
30
24
18
330 180
273
78 145
78 145
50 130
50
200
75 139
26 51
<50 173
3 40
3 10
3 130
320 640
140 260
36 71
5 653
120 2151
529 —
444 819
— 54
130 —
— 340—1600
266 1360
242 -
— 68
— 40:40
5 503
42 1373
232 —3
43.31
reduced egg production/female
reduced egg production in metal mixture
non—adhesive and easily—ruptured eggs
reduced spawning and 100% fry mortality
reduced growth rate
reduced ability to compensate for torque
in rotating water current
vertebral damage
reduced growth of males exposed as
embryos
reduced growth of females not exposed
as embryos
delayed maturation of females:
134 day exposure
reduced hatching success
increased alevin mortality
100% fingerling mortality in 24 hours
increased mortality in 21 months
(exposed as fingerlings)
increased chronic mortality
(exposed as eggs)
increased chronic mortality mt
exposed during egg stage
metallothionein induced in liver
28% mortality 29 days post hatch
decreased growth over 16 weeks
no effect on fingerling growth
in 16 weeks
72 day mortality increase
(exposed as eggs)
200 hour LCso for swim—up stage
(not exposed as eggs)
100% fingerling survival in 20 days
21 day LCso (different size fish)
no effect on growth
reduced egg hatchability (survival and
after hatching not affected)
no effects on survival, fertility or
growth
200 hour LCso for swim—up stage
96 hour LCso for juveniles
decreased growth: 4 to 21 weeks
increased liver metallothionein after
21 weeks
no mortality over 21 weeks
Brungs 1969
Eaton 1973
Benoit and Holcome, 1978
Sparks et al. 1972
Bengtsson 1974a
Bengtsson 1974b
Bengtsson 1974c
Spehar 1976
(ibid.)
Pierson 1981
Affleck 19521
(ibid.)
(ibid.)
Sinley et al. 1974
(ibid.)
(ibid.)
Roch and McCarter, 1986
(ibid.)
D. Spry, unpublished
Cairns et al. 1982
Chapman 1978a
Affleck 19522
Farmer et a1. 1979 ‘
Holcome et a1. 1979
Chapman 1978b
Chapman 1978a
Finlayson and Verrue, 1982
Roch and McCarter, 1984
(ibid.)
(ibid.)
 
1Copper and cadmium also present but most toxicity attributed to zinc.
2Zn exposure by galvanized pipe: HCO: pg/L; Ca 1.7 pig/L; Ca 1.7 [lg/L; Mg 1.0 pg/L.
3Copper and cadmium also present in ratio 400:20—1
Zn:Cu:Cd.
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 TABLE 2.2.6. Zinc toxicity to sensitive freshwater invertebrates.
 
Hard— Alka—
ness linity Concentration
S . ——
peCIes (mg/L) (Pg/L) Comments Reference
Daphnia magna 45 42 70 15% reproductive impairment Biesinger and Christensen, 1972
158 3 week LCso
100 48 hour LC 50 without food
130 80 68 96 hour LCso Attar and Maly, 1982
130-160 100—119 100 reduced body size and longevity Winner 1981
45 44 68 48 hour LCso Mount and Norberg, 1984
Qaphnié puLegs 45 44 107 48 hour LCso (ibid.)
Daphnia hyalina 33 29 40 48 hour LCso Baudouin andScoppa, 1974
CeLLodaphnia reticulga 45 44 76 48 hour LCso Mount and Norberg, 1984
Aglawiapmg leptopus ? ? 73—81 48 hour LCso Lalande and Pinel—Alloul, 1984
Skistodiaptomus oregonis 164-419 48 hour LCso (ibid.)
(copepod)
Immaculme using 10 15 52 48 hour LCso (ibid.)
(cyclopoid copepod) 10 7,6 264 48 hour LCso (ibid.)
l20 4.1 2,934 48 hour LCso (ibid)
Natural zooplankton 121 131 17 reduced abundance (especially Marshall et al. 1983
(Lake Michigan) nauplii) after two weeks incub—
ation in 18 L carbuoys
llinytairsus dissimiliis 48 44 36.8 10 day LCso Anderson et al. 1980
(chironomid larvae) (life cycle = 14 to 19 days)
Corbicula sp. 55—89 29—50 35-92 reduced growth rate in 30 days Anderson et a1. 1980
(Asiatic clam)
20 no effect on growth Belanger et al. 1986
50% in 48 h in the absence of food (Biesinger and Christensen, 1972). However,
Mount and Norberg (1984) observed a 48 h LCso of 68 pg/L and Attar and Maly
(1982) reported a 96 h LCso, also of 68 pg/L, for the same species. The 48 h LCso
for Ceriodaphnia reticulata is similar at 76 pg/L (Mount and Norberg, 1984).
Baudouin and Scoppa (1974) report a 48 h LCso of 40 pg/L for Daphnia hyalina.
The 48 h LCso for Tropocyclops prasinus mexicanus (Lalonde and Pinel—Alloul,
1986) was 52 ug/L in soft water from an unpolluted lake but was much higher
(2,934 pg/L) in water from a harder and more polluted lake. Biesinger et al. (1974)
demonstrated that both chronic toxicity and reproductive effects were reduced if
the organic chelator NTA was added to the test water. More weakly coordinating
natural organics are expected to have a lesser effect than the strong chelator NTA.
A more sensitive response to zinc was observed by Marshall et al. (1983). A drop in
the abundance of natural zooplankton incubated in—situ in 18L polyethylene
carboys in Lake Michigan for 2 weeks occurred at 17 pg/L zinc (measured Zn was 16
ug/L based on the specific activity of 65Zn, background levels were estimated to
be about 1 pg/L). The drop was most pronounced for copepod nauplii (54%) and
Holopedium gibberun (67%). However, the zooplankton were incubated together
with the natural phytoplankton that constituted their food and these were also
subject to zinc effects. It is not known, therefore, if the drop in zooplankton was
due to a direct toxic effect of zinc on the zooplankton or to an indirect effect due
to reductions in phytoplankton (see below). More studies on the sublethal effects
of zinc on these species are needed to evaluate the relative importance of direct
and indirect (through phytoplankton reduction) effects of zinc.
Algae
A number of studies with natural water suggest that zinc toxicity to phytoplankton
can occur at concentrations near or below 30 pg/L (Table 2.2.7). For example,
Chiaudani and Vighi (1978) measured growth of Selenastrum capricornutum in
-25-
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be extremely toxic to phytoplankton. Growth of 5. capricornutum was inhibited
27% in 96 h at 1.8 ug/L zinc (Chiaudani and Vighi, 1978), which is below the zinc
level observed in many surface waters (Taylor et al. 1982), including parts of the
Great Lakes. Toxicity studies in artificial or unspecified media (Kostyaev 1981;
Mills 1976, Table 2.2.7) will, therefore, not be used in deriving the zinc objective.
A few studies demonstrate zinc toxicity tonatural phytoplankton from the Great
Lakes. Marshall et al. (1983) incubated natural water from Lake Michigan
containing indigenous phytoplankton, in—situ for two weeks in 18 L carboys. They
observed a significant drop (about two—thirds, P <0.01) in both chlorophyll—a and
primary production with zinc concentrations as low as 17 ug/L. In another study,
Glooschenko and Moore (1973) reported a 22% drop in 14C uptake by natural
phytoplankton in western Lake Ontario after addition of 10 ug/L zinc. Total zinc
was not reported but background levels would be expected to be near 4 pg/L
(Neilson 1979), resulting in a total zinc concentration of about 14 ug/L. Hart
(1983) exposed natural phytoplankton in Lake Ontario water to 30 pg/L zinc
additions in large tanks (1 m diameter by 4 m deep). Total zinc concentrations
were not reported but would presumably be near 30 + 4 = 34 ug/L. He observed
reductions of 20 and 45% in chlorophyll—ct and 39 and 12% in primary production
levels, relative to the control, after four and 10 days' exposure, respectively.
Total cell biomass decreased by 30% within three days after zinc addition, relative
to the initial biomass, whereas cell biomass increased in the control.
It appears therefore, that levels as low as 15 ug/L zinc can be toxic to
phytoplankton in natural waters, including the Great Lakes and similar levels may
affect zooplankton, either directly or indirectly, through the food chain. Fish do
not, therefore, appear to be the most sensitive organisms. The same conclusion
was obtained by Roch et al. (1985). They found major changes in phytoplankton
species composition after mining in Buttle Lake resulted in elevated levels of zinc
(sometimes exceeding 200 ug/L), copper and cadmium (in a ratio of about 400:20:l
for Zn:Cu:Cd). Phytoplankton and zooplankton species composition were altered
with distance from the mine. Toxic effects on trout were not demonstrated in
field experiments and the condition factor was not significantly different from fish
caught before the mine was opened. After conducting both field and laboratory
experiments, Roch et al. (1985) concluded that fish were not the most sensitive
group of organisms. An objective for zinc must, therefore, consider other
organisms in addition to fish.
Recommended Obiective
The aquatic organisms that are most sensitive to zinc toxicity appear to be
phytoplankton. The test results collectively demonstrate zinc toxicity in natural
waters at concentrations between 15 pig/L and the existing zinc objective of 30
pg/L. The long—term significance of 15 pg/L on the ecosystem is uncertain and
hence, the recommended level contains a small safety margin. Thus an objective
of 10 ug/L total zinc is recommended.
Although acute and to a lesser degree chronic, toxicity in fish has been shown to be
closely related to water hardness, the recommended objective level does not vary
with water hardness. This is because there are few data available on hardness
effects on zinc toxicity to natural phytoplankton, which appear to be more
sensitive than fish, even when fish are tested in soft water.
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 4. EVALUATING ECOSYSTEM HEALTH WITH THE DICHOTOMOUS KEY
A report of the Work Group Indicators of Environmental Quality (Ryder and
Edwards, 1985) submitted to the Aquatic Ecosystem Objectives Committee (AEOC),
proposed the use of indicator/integrator organisms as appropriate indices of ecosystem
health. The lake trout complex, Salvelinus namaycush, and an amphipod, Pontoporeia
h_oy_i, were identified as meeting a set of criteria for such organisms. Conceptually,
these two organisms appeared to adequately represent an oligotrophic environment's
cold—water community of organisms. Based on the work group's report, the AEOC
proposed an ecosystem objective for Lake Superior. The objective used several
measures of the lake trout's condition to determine whether progress was being made
towards a goal of reestablishing a stable, self—sustaining, cold—water community with
the lake trout as its top predator.
To extend this indicator concept to the world of practicality, an interactive
computer program was developed to enable ecosystem managers to assess the relative
(annual) health of Lake Superior (Marshall et al. 1987). This program, entitled "Lake
Trout Dichotomous Key for Lake Superior," is available on a 5-1/4" floppy disk.
Versions have been prepared for some of the more popular microcomputers (i.e. Apple
11, IBM and Commodore). The current version is directed specifically at Lake Superior
but the intent is to develop similar objectives and dichotomous keys for Lakes Huron
and Michigan.
An ecosystem manager may work his/her way through the Dichotomous Key by
answering a sequence of questions with yes or no. A "Help" screen exists where data
needed to respond to a question are not readily available. Once a question is answered,
the user has the option of viewing an ecological rationale for the question. Once all of
the questions have been answered, the ecosystem manager is provided witha printout of
the state—of—ecosystem health for the particular system (Lake Superior for the
moment) being assessed. The Dichotomous Key, therefore, provides a rapid ecosystem
assessment that is a first approximation of system health and indicates possible
directions for future rehabilitation measures.
The nature of the data requested in the questions of the Dichotomous Key is
divided into the four categories indicated below. Some of the questions are of a
research nature and are needed at infrequent intervals; other data should be provided on
at least an annual basis. Since similar data sets will be required for assessing the
achievement of analogous objectives for Lakes Michigan and Huron, it is urged that
efforts be made now to obtain these data in order to provide a baseline against which to
measure the relative levels of rehabilitation or deterioration of these parts of the
system.
1. Exploitation and Production
- annual records of fish catches;
0 age-growth, mortality and species-ratio data from test netting including that
for stock diversity and for catch curves;
0 data from experimental netting at spawning time, subsequent egg sampling
and identification of historical spawning grounds;
0 data from Great Lakes Fisheries Commission (GLFC) and socio—economic
studies in aesthetic perceptions of the system;
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5. HAZARD ASSESSMENT OF GREAT LAKES CHEMICALS
The Aquatic Ecosystem Objectives Committee (AEOC) is a part of the
Coordinating Committee for the Assessment of Chemicals in the Great Lakes
Ecosystem (CCAGLE). As such, it assists in the development and application of a
scheme to assess what is known as the Comprehensive Track Chemicals. These are the
compounds identified in the Great Lakes ecosystem (see 1983 "Inventory of Chemical
Substances Identified in the Great Lakes Ecosystem," a six—volume compendium
released by the International Joint Commission in 1983). The present list includes a
total of 362 specific compounds or separate CAS entries.
A protocol has been developed for undertaking the hazard assessment and
management of toxic chemicals in the Great Lakes basin. The protocol appears with
discussion, in the current report of the CCAGLE. For purposes of the AEOC report, it
can be summed up as a train of decision points with the headings:
identification;
data quality;
preliminary assessment;
in—depth assessment; and
S
h
i
r
?
?
?
"
control and evaluation.
In November 1985, a workshop on the subject of preliminary assessment was held at
the Canada Centre for Inland Waters. The workshop involved participation and
guidance by some members of the AEOC. The report of that meeting included the
recommendation of an essential data set that must be evaluated before a chemical is
recommended for further data development. Elements recommended were:
- an LCso for a sensitive freshwater aquatic species, preferably fish;
0 an LDso for a mammalian species, preferably orally administered to
rodents;
- mutagenicity tests, with and without activation, with two or more
cell lines, one of which should be mammalian; and
0 the octanol—water partition coefficient.
The workshop report also recommended as important, but not essential,
information on environmental concentration and release of the chemical. The workshop
participants placed much emphasis on using all data existing at the time of any
assessment stage, including the preliminary one. They singled out the above data
requirements as the minimum information to be evaluated before any statement
concerning potential hazard of a chemical be made. The AEOC has endorsed, in
principle, this approach for assessing the host of chemical contaminants reported for
the Great Lakes and has examined its feasibility on a number of chemicals.
A subset of the inventory chemicals (those found in the St. Clair system) was
selected to test a proposed scheme. A few additional compounds were added to
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6.
  
FUTURE DIRECTIONS
The Aquatic Ecosystem Objectives Committee (AEOC) is examining the following
topics and anticipates reporting on each at the next report stage.
6.1
6.2
6.3
6.4
6.5
Chlorobenzenes and Chlorophenols
Relationships between structurally—related properties of chlorinated and other
substituted phenols and benzenes and their respective sublethal effects on aquatic
biota are being reviewed. These relations will be evaluated to determine whether
safe levels can be estimated for all or most members of these two classes of
compounds. The possibility of employing application factors on acute lethalities
predicted from structure will also be examined.
Assessment of Chemicals
Data for the. compounds on the reduced Inventory of Chemicals in the Great Lakes
Ecosystem are being gathered to subject them to a preliminary hazard assessment.
An essential dataset is being synthesized using quantitative structure—activity
relations (QSAR) principles and existing literature is being examined for relevant
information. An evaluation of the potential hazard represented by each chemical
will be made and a prioritized list of additional data needs will be presented.
Mesotrophic Ecosystem Objective
The report of the Work Group on Mesotrophic Indicators is expected early in 1988.
This report, plus additional information, will be considered in developing an
ecosystem objective for Lake Erie and other places based on biological indicators
of system health. Current indications are that the walleye, perch and Hexagenia
species will be suitable organisms.
Oligotrophic Ecosystem Objectives for Lakes Huron and Michigan
Data on these two lakes will be examined to see the extent to which a measurable,
indicator—based objective can be developed. The lake trout and Pontomreia hoyi
are projected species for this purpose.
Mixtures
In its 1981 report to the Science Advisory Board, the Aquatic Ecosystem Objectives
Committee suggested the use of the toxic unit concept to evaluate the significance
of mixtures of metals in the Great Lakes ecosystem. This topic will be reassessed
for possible recommendation as an objective and will be expanded to consider
whether a similar approach can be applied to organics as well.
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 APPENDIX A
TERMS OF REFERENCE FOR THE
AQUATIC ECOSYSTEM OBJECTIVES COMMITTEE OF THE
SCIENCE ADVISORY BOARD
Preamble
A specific objective is defined by the 1978 Great Lakes Water Quality Agreement as "...
the concentration or quantity of a substance or level of effect that the Parties agree,
after investigation, to recognize as a maximum or minimum desired limit for a defined
body of water or portion thereof, taking into account the beneficial uses or level of
environmental quality which the Parties desire to secure and protect....". Objectives
are intended to be goals towards which the Parties to the Agreement should strive and
are to be taken account of by the state and provincial jurisdictions when they are
setting enforceable regulations and standards; the objectives, themselves, are not these
legal instruments.
Objectives will be developed with the intention of protecting all beneficial uses of the
waters of the Great Lakes. They cannot, however, protect all beneficial uses under any
and all conditions and their development and adoption does not preclude the need for
other actions by the Parties and Jurisdictions to protect these uses. Objectives will be
set at levels of no detectable effect - at a level just beyond the limit where harmful or
potential effects have been observed. Uncertainties that arise during the development
of the objectives are always resolved in favor of protection.
The objectives will be based solely on published scientific information and must be
scientifically defensible. Reviews of this literature will be undertaken by the Aquatic
Ecosystem Objectives Committee using the facilities available to members and that
provided by the International Joint Commission. These data bases will tend to improve
over time as additional studies are conducted and published. Consequently, the
objectives will be subject to periodic review and revisions as deemed necessary. They
will be subjected to peer review and will represent, to the best of the Committee's
ability, the knowledge available at the time of their recommendation.
Terms of Reference
In order to develop objectives as set out in the PREAMBLE, the Aquatic Ecosystem
Objectives Committee will:
- develop and revise, as required, general guidelines under which the objectives will
be developed;
0 select and order issues to be addressed, taking account of all proferred and
requested advice;
0 develop aquatic ecosystem objectives. These should describe the effects on various
uses and/or a desired state for the various lakes and should always be based on the
most sensitive use;
- review existing objectives and recommend amendments based upon all available
information;
- establish work groups to assist in the development of new or amended objectives;
and
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mp
li
sh
the
ab
ov
e T
ER
MS
OF
RE
FE
RE
NC
E.
Ac
ti
ve
me
mb
er
s
wil
l b
e
sel
ect
ed
to
pro
vid
e
a b
ro
ad
ra
ng
e
of
exp
ert
ise
in
the
phy
sic
al,
ch
em
ic
al
an
d
bio
log
ica
l
fie
lds
of
en
vi
ro
nm
en
ta
l s
cie
nce
.
Co
rr
es
po
nd
in
g m
em
be
rs
hi
p i
s i
nt
en
de
d t
o p
rov
ide
for
con
tin
uin
g
inv
olv
eme
nt
of
for
mer
act
ive
me
mb
er
s w
hos
e
ava
ila
ble
tim
e i
s t
emp
ora
ril
y r
est
ric
ted
or
wh
os
e e
xpe
rti
se
is
not
im
me
di
at
el
y
req
uir
ed.
It
ma
y
als
o b
e a
me
mb
er
sh
ip
ca
te
go
ry
off
ere
d t
o p
ers
ons
wh
o c
an
ass
ist
the
Co
mm
it
te
e o
n a
con
tin
uin
g b
asi
s b
ut
not
at
the
sa
me
lev
el
of
int
ens
ity
as
act
ive
me
mb
er
s
mu
st
pro
vid
e.
All
me
mb
er
s
are
ap
po
in
te
d b
y
the
Gr
ea
t
La
ke
s
Sc
ie
nc
e A
dv
is
or
y B
oa
rd
aft
er
con
sid
eri
ng
the
re
co
mm
en
da
ti
on
s
of
the
Committee.
Reporting
The
Aqu
ati
c
Eco
sys
tem
Obj
ect
ive
s
Co
mm
it
te
e
wil
l r
epo
rt
to
the
Sci
enc
e
Adv
iso
ry
Boa
rd
at
suc
h t
ime
s a
s a
re
app
oin
ted
for
the
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
's
bie
nni
al
mee
tin
g o
n t
he
Gre
at
Lak
es.
Suc
h f
orm
al
rep
ort
ing
doe
s n
ot
pre
clu
de
the
sub
mis
sio
n t
o
the
Boa
rd
of
Obj
ect
ive
s a
ppr
opr
iat
ely
rev
iew
ed
and
wil
l i
ndi
cat
e
the
nat
ure
of
suc
h
review at the time of submission.
The
Com
mit
tee
will
, a
t t
he
sam
e
tim
e a
s i
t s
ubm
its
its
Obj
ect
ive
s t
o t
he
Sci
enc
e
Adv
iso
ry
Boa
rd,
tra
nsm
it
the
Obj
ect
ive
s t
o t
he
Wat
er
Qua
lit
y B
oar
d.
Thi
s i
s t
o p
erm
it
the
Boa
rd
to
eval
uate
the
soc
io—
eco
nom
ic
and
anal
ytic
al
imp
act
s
of
the
rec
omm
end
ati
ons
and
to
mak
e s
uch
eval
uati
on
avai
labl
e t
o t
he
Inte
rnat
iona
l J
oint
Com
mis
sio
n at
the
sam
e t
ime
as t
he O
bjec
tive
s ar
e fo
rma
lly
pres
ente
d.
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 APPENDIX C
TERMS OF REFERENCE OF THE
AQUATIC ECOSYSTEM OBJECTIVES COMMITTEE'S
MESOTROPHIC INDICATORS WORK GROUP
An ecosystem objective by definition infers a broad scientific approach
encompassing all aspects of the environment and the indigenous biota. Such an
objective framed as an ultimate goal for ecosystem management in the Laurentian
Great Lakes may be philosophically satisfying, but pragmatically intractable.
Alternatively, the establishment of an ecosystem objective using a single species
(a seeming contradiction of terms) may be justified, provided that the niche
characteristics and habitat requirements of that species can be adequately described
and compared with the former environments provided by a major portion of both the
biotic and abiotic subsystems of the Great Lakes, thus ensuring adequate habitat
diversity for other desirable community components of the system.
With the specific task of developing an Ecosystem Objective for the Great Lakes
Basin, a designated work group (formerly task force) shall proceed to investigate the
following charges:
- appraise, evaluate and critique the feasibility of using an indicator (integrator)
organism as a suitable surrogate for depicting healthy Great Lakes; and
o if feasible, produce an objective with supporting rationale applicable for inclusion
into the 1978 Great Lakes Water Quality Agreement and in accordance with the
Terms of Reference for the Aquatic Ecosystem Objectives Committee;
In the course of performing these specific charges the following additional charges
shall be considered:
- identify and recommend appropriate system variables for future monitoring based
on these concepts; and
0 explore and develop, if appropriate, other ecosystem approaches with potential
application to the Great Lakes Basin.
Work Group Membership
The Work Group should be kept small and flexible. A first—line working group will
consist of no more than eight members. Alternates or resource people may be selected
to participate on an a_d h_oc basis as required. These may represent a particular
discipline such as epidemiology, toxicology, physical limnology or any other for which a
specific input is needed.
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